SUMMARY The present report describes a Brazilian Negro sibship with six males affected by a presumptive new variant of Norrie's disease, an X-linked congenital oculo-acoustical-cerebral degeneration. In addition to the typical stigmata of the disease, all the patients were microcephalic and two of them had cryptorchidism. Possible non-genetic aetiology was investigated with negative results. Xg blood group studies were informative and the lod scores are given, together with those for two previously reported families with Norrie's disease.
Norrie's disease is a sex-linked recessive disorder causing retinal degeneration. Mental retardation appears in one-third of the cases and sensory hearing loss is present with equal frequency. The onset of bilateral blindness occurs at birth or during the first few months of life. The gene has complete penetrance, but its expressivity is highly variable, especially with respect to mental retardation and hearing loss (Warburg, 1971 (Warburg, , 1975 . Genetic linkage data (Warburg et al., 1965; Nance et al., 1969) are compatible with loose linkage between the loci of Norrie's disease (Nd) and glucose-6-phosphate Received for publication 12 August 1978 dehydrogenase deficiency (G6PD), but no measurable linkage between Xg and Nd loci. The family presented here is the only one to date where microcephaly, cryptorchidism, and measurable Xg linkage are associated with the classical signs of Norrie's disease. These are also the first cases of Norrie's disease reported in South America.
Subjects and methods
The patients belonged to a Brazilian Negro family. All the affected individuals were male and belonged to the same sibship ( Fig. 1 Linkage of the Nd locus with G6PD and Xg loci was investigated. The study of G6PD was made by spectrophotometric assay (Saldanha et al., 1969) . Xg blood groups were determined in London by Dr Ruth Sanger and the staff of the MRC Blood Group Unit.
Case reports
The clinical diagnosis of Norrie's disease was based on severe ocular affection, mental retardation, and hearing loss. X-linked congenital retinoschisis and X-linked microphthalmia associated with mental retardation were excluded. Laboratory tests for congenital toxoplasmosis and cytomegalovirus infections were negative. X-ray examination of the skull revealed diminished cranial diameters and failed to show intracranial calcifications. These data enabled us to discard non-genetic aetiological factors.
Ophthalmological findings, summarised in Table  1 , show various grades of ocular morphology disorganisation. The descriptions refer to the more affected eye, but the differences between right and left eyes were small in all the cases. The least affected patient (111.5) could perceive light, had clear cornea and lens, and normal anterior vitreous. (Table 2) . Bilateral cryptorchidism with a palpable inguinal testis was present in cases 111.4 and 111.5. Pubic and axillary hair was completely absent in these patients. Serum testosterone levels were 42 9ng/l00 ml (1-49 nmol/l) in case III.4 and 45-8 ng/100 ml (1-59 nmol/l) in case 11.5, both values being below normal for the patient's age (Tanner, 1975 (1961) . The lod scores are given in Table 3 , together with the antilogs of their sums, which represent the relative probabilities of the recombination fraction 0. We also pooled our results with the previous data of Warburg et al. (1965) and Nance et al. (1969) .
Discussion
The pedigree data favour the X-linked recessive mode of inheritance, since only males are affected. The probability of chance occurrence under the hypothesis of autosomal recessive inheritance is only 1/64. Moreover, all the clinical signs described for the classical form of Norrie's disease, which undoubtedly depends on an X-linked gene, are present in our cases: mental retardation, hearing loss, and typical ophthalmological stigmata. Hara et al. (1969) found hypogonadism in a Negro kindred with Norrie's disease. Of the 6 patients in our pedigree, 2 had both clinical and hormonal features of hypogonadism. It is, therefore, probable that such findings are non-obligatory components of the disease, though this is not mentioned in any of the families reviewed by Warburg (1975) .
Microcephaly is described here for the first time in association with Norrie's disease. Its presence in the 6 patients suggests that we are dealing with a new variant of Norrie's disease. In order to establish this, it is recommended that a search for microcephaly be made both in new and in already reported cases of Norrie's disease.
The genetical relationship between the two forms of Norrie's disease could result from the following situations: (1) the two forms depend on different group.bmj.com on August 14, 2017 -Published by http://jmg.bmj.com/ Downloaded from alleles; (2) they depend on different loci on the X-chromosome; (3) they result from the action of a modifier on the Nd gene.
If it could be shown that the genes causing the two forms of the disease are located at different distances from an X-linked marker, then they could be assigned to different loci. Only more linkage data in familial cases of Norrie's disease with associated microcephaly will show whether two loci are involved.
